Abstract: This paper investigates the effects of mass ratio, clearance, and excitation amplitude on system dynamics and impact vibration absorber (IVA) 
The vibration control and mitigation of structural components plays a vital role in engineering. Vibration control can be divided into three main categories, namely, passive, active, and hybrid vibration control. There are numerous ways passive vibration control can be achieved, for example, resilient isolation, added damping, structural design, and localized additions (Mead, 1998 (Figure 1 ). In this figure, the shaded mass, with the spring and damper to the left, constitute the primary system whose oscillations are to be mitigated by the IVA. Single-unit IVAs consist of a single mass moving freely in the primary system cavity (Figure la), whereas multiunit IVAs utilize multiple impact masses contained either in the same cavity (Figure 1 b) Figure C) . On the other hand, the impact mass in a compound IVA is attached to the primary system, for example, by a pendulum (Figure 1 d) .
Single-unit IVAs are the simplest type of IVAs. Thomas, Knight, and Sadek (1975) showed that a single-unit IVA improved the chatter performance of a cantilever boring bar during a machining process. It was further shown that the IVA was not sensitive to the excitation frequency. Hoang and Semercigil (1992) Oledzki, Siwicki, and Wisniewski (1999) (1998) . These authors showed that compared with a single-particle IVA, a multiparticle IVA reduced noise and surface deterioration and improved the effectiveness. Guidelines, based on the system parameters, for the optimum IVA design were espoused.
A study of a hybrid IVA was conducted by Collette (1998 (Figure 2 ) consisted of two aluminum plates connected with four leaf springs. Two L-shaped steel brackets were mounted on the upper plate, which performed as motion-limiting stops for an impact mass. The clearance between the stop brackets was adjustable. The brackets and the upper plate constituted the primary mass, mi, of the primary system. In this paper, the primary system consists of ml and the four leaf springs. The impact mass, m2, which is referred to as the IVA, was connected to an encoder using a high-strength carbon rod. The impact mass was designed such that it was possible to adjust its mass by attaching or removing auxiliary thin disks along its axis.
The experiment setup is shown in Figure 3 . The setup consisted of (a) Ertas and Mustafa (1992) . The use of an optical encoder in the current experimental study of a single-unit IVA differentiates itself from the use of noncontact displacement transducers in experimentally studying multiunit (Kato, Dazai, and Takase, 1976) and compound (Popplewell and Semercigil, 1989) (Cuvalci, 2000) . For the dwell experiments, the system was excited with a constant excitation frequency The system and experimental parameters used in this study are summarized in (Piersol, 1992 (1985) . The damping inclination formula proposed by the latter authors is the slope of a line for the case with the IVA. A higher damping inclination, described by a higher absolute value of the slope, is an indicator of faster vibration attenuations.
The effect of clearance is shown in Figure 6 , for E = 400 micro-strains, and p (Babitsky, 1998) . Therefore, different rates of decay may be attributed to the change in coefficient of restitution.
Forced vibrations
For forced-vibration experiments, the natural frequency, fn, of the primary system was set to 9.00 Hz. For the system parameters A = 0.254 mm, D = 2.112 mm, p = 0.193, and f = 9 Hz, two-impacts-per-cycle motion was observed (Figure 8 ). Masri and Caughey (1966) studied this type of periodic symmetric motion theoretically and observed that twoimpacts-per-cycle motion was necessary for the stability of the system. Since the impact mass is smaller than the primary system, impacts cause the impact mass to change direction, while the velocity of the primary system is reduced. The instants of impact of the IVA can be located as the highest and lowest points on the time series data. The primary system also changes direction after the impacts, though this is due to the cyclic characteristic of the oscillations.
Next, the results obtained from the dwell experiments are presented. Figure 9 shows the amplitude of vibrations of the primary system without the IVA, and with the IVA for four different impact masses, and for A = 0.254 mm and D = 2.112 mm. The curve for the case without the IVA, curve (u = 0.000), shows the typical trend of vibratory systems around resonance, reaching a maximum at natural frequency As in the case of free vibration, the highest mass ratio provides the best absorption, curve (u = 0.193) . In this figure, the largest vibration attenuations occur around the resonance point. resonance (r = 1), and absorber effectiveness diminishes as the excitation frequency moves away from the natural frequency. From the figure, it is also observed that away from the resonance point the amplitude ratio is larger than 1, indicating that the IVA increases the absolute response of the primary system. These results are consistent with those reported by Popplewell and Liao ( 1991 ).
The effect of clearance, D, on the primary system's amplitude ratio, Xw /Xwo , is depicted in Figure 11 The effect-of-mass ratio was also studied by sweep experiments. For both up-sweep ( Figure 13 ) and down-sweep (Figure 14) , IVA efficiency is best around resonance and diminishes as excitation frequency moves away from the resonant frequency. As in the case of dwell experiments, higher mass ratio enables better absorption. For the smallest mass ration = 0.045, the shape of the response curve with the IVA is similar to the shape of the response curve without the IVA, except that the peak point of the curve is shifted to a lower frequency This behavior is akin to that of a spring mass system coupled to a tuned-mass absorber, whereby the absorber dislocates the resonant amplitudes (Iemura, 1994) . A similar peak in response may also be observed at a higher frequency. In general, the trends of the response curves are similar to those presented by Chatterjee, Mallik, and Ghosh (1996) .
The leaf springs of the primary system are constrained in such a manner to constitute a nonlinear system at large deflections (see Figure 2 ). This is evidenced by the frequency response of the primary system with no IVA in Figures 13 (Virgin, 2000) . It should be noted further that in Figure 13, (Figure 16 ). For this excitation, the primary system attains the largest amplitude around the system natural frequency (resonance frequency). This causes coherence to decrease below 1.0, since the response of the system is large. However, for the same excitation level, the response of the system is considerably lower as the excitation frequencies shift away from natural frequency, and therefore coherence is higher When the IVA is introduced to the system, because the high amplitudes of vibration around resonance are absorbed, coherence goes up to approximately 1.0. Although coherence was first studied to measure the performance of feedback control, it is shown that it can also be used to quantify absorption, and possibly vibration absorber efficiency. Furthermore, comparing Figure 15 and Figure 16 reveals that the frequencies where coherence is lowest for both up-sweep and down-sweep (Figure 16 ) correspond to the same vicinity where the jump phenomenon is observed in the frequency response curves (Figure 15) . Figure 17 shows the phase portrait of the IVA signal, for A = 0.254 mm, D = 2.112 mm, andu = 0.193. It is observed from the figure that for the case of efficient absorption (8.98 Hz), the motion of the IVA is periodic and symmetric; hence, steady state is achieved. On the other hand, when the efficiency diminishes, the displacement and velocity of the IVA is higher, and the motion is observed to be somehow periodic but unstable (8.69 Hz) . This experimental result is in line with the theoretical observations made by Masri (1969 
